Background: The outcomes of surgically treated acetabular fractures are dependent on many factors. The purpose of this retrospective study is to evaluate these factors in a group of patients operated on by a single surgeon in one institute. Methods: One hundred and eighteen patients, treated surgically for their displaced acetabular fracture and who had completed two years follow-up, were evaluated clinically with Modified Postel Merle d'Aubigné score and radiologically with Matta's radiological outcome grading. The effect of age (≤ 55 or >55 years), gender, fracture displacement (≤ 20 mm or >20 mm), hip dislocation, delay in surgery (≤ 2 weeks or >2 weeks), associated injury and length of follow-up (≤ 5 years or >5 years) on the functional outcome was evaluated. Results: There were 99 (83.9%) males and 19 (16.1%) females with mean age of 38.75 years (16 to 65 years). The mean duration of follow-up was 3.95 years (range 2 to 14 years). The mean Modified Postel Merle d'Aubigné score was 15.7 ± 2.2 (range, 8 to 18). The clinical outcome was excellent in 27 (22.9%), good in 52 (44.2%), fair in 20 (16.9%), and poor in 19 (16.1%, 10 patients who underwent THR for secondary arthritis were considered as poor outcome) patients. The Modified Postel Merle d'Aubigné score was significantly affected by quality of reduction (P = 0.0001), presence of associated injuries (P = 0.0001), initial fracture displacement of >20 mm (P = 0.018), joint dislocation (P = 0.015) and delay in surgery (P = 0.001). However, age, gender, fracture type and length of follow-up did not have any effects on the clinical outcome. Conclusion: Poor reduction, associated injuries, fracture displacement of >20 mm, joint dislocation and late surgery definitely carry poor prognosis in predicting the outcome of surgically treated acetabular fractures. Level of evidence: Level IV, retrospective study.
Introduction
Open reduction and internal fixation (ORIF) became the standard treatment of displaced acetabular fracture after the report of Letournel and Judet who proposed that ORIF restores the articular congruency and provide better outcome than conservative treatment [1] . Surgical fixation of acetabular fracture is a major challenge before trauma surgeon. Complications are common and outcome is not uniform in all acetabular fractures. A meta-analysis by Giannoudis et al. reported 20-25% poor functional outcome over a medium term period [2] . Age, delay in surgery, associated hip dislocation, fracture pattern, amount of displacement and even associated musculoskeletal injuries have shown to affect the outcome [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Surgeon's expertise and approach to a particular acetabular fracture also influence the outcome [18, 19] . The working hypothesis of this study was that the factors already mentioned above might affect the medium term outcome in this case series.
Patients and methods
One hundred and eighteen patients operated on for their acetabular fracture in our institute (PGIMER, Chandigarh) between January 1996 and June 2010 were evaluated clinically and radiologically. All the surgeries were performed by a single surgeon (RKS) and all patients had definite indications (>2 mm displaced acetabular fracture, articular impaction, unstable and non-concentric reduction, Matta's roof arc angle <45 degrees) for operative intervention. Those patients were included in this study who had completed at least two years follow-up and having complete information of their demographic profile, injury pattern, surgical and radiological details. Although 460 patients were fulfilling the criteria of inclusion, only 206 patients could be contacted (because of change of address or inadequate address, remaining 254 patients could not be contacted). Of these 206 patients, 118 patients attended our out patient clinic for evaluation. The patients were evaluated clinically with Modified Postel Merle d'Aubigné score and radiologically (xray) with Matta's radiological outcome grading [7, 9] . The complications noted in these patients from the time of injury to the time of evaluation were entered into a pro forma.
The Modified Postel Merle d'Aubigné score ranges from 4 to 18 points, with the final clinical grade categorised as excellent (18 points), very good (17 points), good (16 or 15 points), fair (14 or 13 points), or poor (<13 points). Often, these grades are combined into two categories (e.g., excellent-to-good and fair-to-poor) for the presentation of clinical results. Radiological assessment using the Matta scoring system interprets ''excellent'' for a normal appearing hip joint, ''good'' for mild changes with minimal sclerosis and joint narrowing (<1 mm), ''fair'' for intermediate changes with moderate sclerosis and joint narrowing (<50%), and ''poor'' for advanced changes.
The old hospital records of these patients were obtained and data regarding demographic profile, mechanism of injury, associated injuries and delay in surgery (categorised as ≤2 weeks or >2 weeks) were collected from these records. There were 99 (83.9%) males and 19 (16.1%) females in this study. The mean age of the study group was 38.75 years (ranging from 16 to 65 years) showing normal distribution on Kolmogorov-Smirnov test analysis (P = 0.09). The patients were categorised into two groups i.e., ≤55 years and >55 years to evaluate the effect of age on overall outcome. Right-sided fracture was observed in 61 patients and left side in 57 patients. Motor vehicle accident was the major cause of trauma (n = 99, 83.9%) followed by fall from height (n = 15, 12.7%) and others causes (n = 4, 3.4%). Associated injuries were observed in 61 patients (51.69%); 57 patients (48.3%) had associated musculoskeletal injuries and 6 patients (5.1%) had other organ injuries (i.e., head, chest, abdomen and facio-maxillary injuries). The associated musculoskeletal injuries included: lower limb and pelvis injuries in 32 patients (27.2%), upper limb injuries in 11 patients (9.3%), sciatic nerve injury in 11 patients (9.4%) and femoral head fracture in 3 patients (2.5%). Average delay in surgery was 9.69 days, ranging from one to 90 days, and on one sample Kolmogorov-Smirnov test analysis, it showed asymmetrical distribution (P = 0.0001). A delay of more than two weeks was present in 23 patients.
The acetabulum fractures were classified as per Judet and Letournel classification system. The anterior wall fractures were included in the anterior column fractures because of small number of cases. Elementary fracture pattern was in seen in 54 (45.8%) cases and associated type fractures in 64 (54.2%) cases. The fractures were divided into two groups based on fracture displacement (>20 mm or ≤ 20 mm) to assess the effect of displacement on clinical and functional outcomes [9] . Preoperative radiographic evaluation showed gross fracture displacement (>20 mm) in 73 (61.8%) cases. Associated hip joint dislocation was present in 48 (40.7%) patients.
The surgeries were performed using various approaches which were decided based on fracture pattern and surgeon's decision. Kocher-Langenbeck approach was the most common surgical approach (n = 70, 59.3%) followed by iliofemoral (n = 27, 22.9%), ilioinguinal (n = 9, 7.6%), extended iliofemoral (n = 6, 5.1%) and combined (Kocher-Langenbeck and iliofemoral) approaches (n = 6, 5.1%). Internal fixation of the fractures were performed using reconstruction plate (3.5 mm), screws (3.5 mm or 4.5 mm) or combination of plate and screws.
Postoperative anteroposterior (AP) view of pelvis and Judet views were used to assess the quality of reduction. The patients were categorised into three groups based on Matta's radiological principle for reduction assessment: anatomical, congruent or incongruent [9] . The reduction was categorised as anatomical if all fracture gaps and steps had been removed intraoperatively, and postoperative films showed restoration of all five anatomical lines (ilioinguinal, iliopectineal, dome, posterior wall and anterior wall) with the head centred and parallel beneath the acetabular roof (Figs. 1 and 2). A congruent reduction was best judged on the anteroposterior film, which was useful in assessing the hip with reference to both the congruency and anatomy of the contralateral normal joint. Patients with poor restoration of the five pelvic lines, inward subluxation of the hip and loss of parallelism were included in the incongruent group ( Fig. 3 ). Anticoagulation prophylaxis included heparin or low molecular weight heparin in the pre-, peri-and postoperative periods for 2 weeks and subsequently Warfarin for 6 weeks. Indomethacin 25 mg TID for 6 weeks was administered for heterotopic ossification prevention in patients who were operated through extended iliofemoral approach or combined approaches.
Mean duration of follow-up was 3.95 years, ranging from two to 14 years. Seventy-five patients had less than five years follow-up and 43 patients had more than 5 years follow-up. Among these 118 patients, 10 patients had already been treated with total hip replacement (THR) because of development of secondary arthritis following years (between 2 to 5.3 years) after internal fixation of acetabulum; these patients were included in poor clinical and functional outcome group.
Statistical analysis
The statistical analysis of the data was performed with the use of SPSS software (version 20, SPSS Inc., Chicago, IL, USA). Descriptive statistics (mean, standard deviation, skewness, and kurtosis etc.) were used to describe the patients' variables and clinical, functional and radiological outcomes. The relationship between clinical (Modified Postel Merle d'Aubigné score) score and radiological (Matta's) outcome were analysed. Multiple logistic regression analysis (e.g., Kruskall-Wallis test) was used to evaluate the effects of patient related factors (such as age, sex, associated injury etc) and clinical variables (such as fracture pattern, time gap between injury to surgery and quality of reduction etc) on final outcome score. P-values <0.05 were considered statistically significant.
Results
The mean Modified Postel Merle d'Aubigné score of 108 patients (excluding 10 patients with THR) was 15.7 ± 2.2 (range, 8 to 18). Modified Postel score data was asymmetrical and didn't show normal distribution on Kolmogorov-Smirnov test analysis (P = 0.0001). The results were excellent in 27 (22.9%), good in 52 (44.2%), fair in 20 (16.9%), and poor in 19 (16.1%, 10 patients of THR were considered as poor outcome) patients. The Modified Postel Merle d'Aubigné score was significantly affected by quality of reduction (P = 0.0001), presence of associated injuries (P = 0.0001), joint dislocation (P = 0.015), fracture step/displacement (P = 0.018), and delay in surgery (P = 0.001) ( Table 1 ). The factors that were found nonsignificant were age (P = 0.360), gender (P = 0.882), fracture type (P = 0.439) and length of follow-up (P = 0.463) ( Table 2) . Radiological outcome was excellent in 54 patients (46%), good in 27 patients (23%), fair in 17 (14%) and poor in 20 (17%) patients. The spearman rho correlation coefficient between Matta's radiological outcome and the Modified Postel Merle d'Aubigné score was 0.635 (P = 0.000), indicating a moderate correlation. The impact of reduction quality and fracture pattern on these clinical and radiological scores has been documented in Tables 2 and 3 respectively ( Figs. 1 and 2) . Among the complications noted in this study, osteoarthritis (29%) was the most common followed by avascular necrosis of femoral head (12%) and sciatic nerve injury (12%) ( Table 4 ).
Discussion
Complex pelvic anatomy, difficulty in surgical access and proximity to the hip joint make acetabular fracture treatment extremely challenging [20] . Several factors affect the outcome of these fractures and hence despite a rigid anatomical fixation, returning to preinjury functional activity is uncommon [2, 10, 21] . Few authors have classified these predictors into two groups: surgeon-dependent variables and surgeon-independent variables [22] . Factors such as mechanism of the injury, damage to the femoral head, sciatic nerve injury, dislocation, fracture pattern, associated injuries, the patient's age and comorbidities are not under surgeon's control. But, the timing of surgery, surgical selection and quality of reduction and fixation are surgeondependent factors which can affect the eventual outcome [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Age, gender and fracture pattern were not found to affect the outcome significantly. The mean age group in this study was 39 years with a range of 16 to 65 years. As the patients evaluated in our study were in young or middle age groups, the impact of age on the clinical outcome cannot be substantiated. Previous studies have clearly mentioned that outcome of acetabular fracture in elderly individuals is suboptimal. Hip dislocation was present in 41% of patients which was higher than that reported in literature. As per Briffa et al., hip dislocation was noted in 33% of patients [22] . Hip dislocation has detrimental effect on the eventual functional outcome; it not only compromises vascularity of the femoral head but also makes the surgical reconstruction of the acetabulum more challenging. Hip dislocation with acetabular fracture indicates a high velocity injury; fracture comminution, articular impaction and cartilage damage are often associated with dislocation. Associated soft tissue disruptions also contribute to poor outcome in such scenario [15] . Fracture pattern had no significant impact on the final outcome in this study. However, looking separately on each type, poorer results were found in anterior column + posterior hemitransverse, posterior column + posterior wall and T-type fractures ( Table 3 ). Most of the published articles have reported poorer outcome with posterior column, posterior column + posterior wall and T-type fractures [9] [10] [11] [12] 22] . These fractures are often difficult to reduce and are associated with comminution, articular impaction and cartilage damage. Briffa et al. have mentioned that biology of the fracture (primary articular cartilage damage) is the limiting factor in such instances and despite best operative intervention, functional outcome may not be rewarding [22] . Primary arthroplasty in such scenario seems to be a better option. However, none of our patients were managed with arthroplasty primarily. The fracture classification by Letournel and Judet [1] only indicates about the acetabular column or wall fractures and does not consider fracture comminution, displacement or joint dislocation. This classification can guide about the surgical approach but cannot prognosticate the outcome. On evaluation of the effect of fracture displacement on eventual outcome, Matta et al. [7] found excellent result with 18 mm fracture gap, good result with 21 mm gap, fair with 17 mm gap and poor with 23 mm gap. The effect of fracture gap on eventual outcome was not significant in their series (P = 0.28). To assess the significance of initial displacement, we divided acetabular fractures into two groups. Sixty-two percent patients had gross displacement (> 20 mm) at the fracture site and these patients had significantly (P = 0.018) worse outcome than the patients who had ≤ 20 mm fracture gap. The pelvis and acetabulum are well covered by muscles and neurovascular structures. Wide fracture gap or displacement indicates a very high impact injury and in such instances the protective muscle layers are disrupted and the reduction is also difficult. Effect of fracture displacement on the eventual outcome has never been analysed and this seems to be an important observation of this study.
Effects of associated injuries on the functional outcome have been previously reported in the literature. Moed et al. reported that associated musculoskeletal injury have significant negative impact on the functional outcome [10] . We had similar observations in our study. Almost 50% of patients with associated injuries in our study had fair-to-poor outcome. However, only 16% patients had fair-to-poor outcome who didn't have associated musculoskeletal injuries.
Restoration of articular congruity with stable fixation is the most significant predictive factor of post-traumatic osteoarthritis in acetabular fractures [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Few authors have precategorised the quality of reduction depending on the size of the gap or step. However, the perspectives of Briffa et al. to look for joint congruency seem quite justified [22] . Assessment of gaps and steps is very difficult unless intraoperative, and so it is justified to use congruency as part of the assessment of reduction, judged on postoperative anteroposterior and oblique radiographs. We found that quality of reduction had significant effect on the final outcome. About 87% of patients who had poor reduction had fair-to-poor clinical score. But despite anatomical reduction, 77% of patients had excellent-to-good clinical outcome and remaining 23% had fair-to-poor outcome. Poor quality of reduction in the weight-bearing dome of acetabulum definitely carries a poor prognosis [22] , but anatomical reduction doesn't always result in a good outcome. Associated cartilage damage, muscle injury, surgical morbidity and factors beyond surgeon's control play a major role in predicting the outcome. In comminuted or impacted marginal fractures, the impacted fragments are lifted up to restore articular congruency leaving a large void or gap in the metaphyseal region. This metaphyseal malreduction is acceptable, but the fragments lining the articular surface must be fixed rigidly in such conditions as they have a high chance of collapse in the postoperative rehabilitation.
Previous reports have clearly stated that outcome of late surgical reconstruction of acetabular fracture is less satisfactory [5] [6] [7] . In Letournel's original series, the outcome of all reconstructions which were undertaken beyond three weeks was significantly worse [23] . In our study, the effect of surgical delay was evaluated by dividing the patients into two groups. Patients who were operated within 2 weeks had significantly better outcome than the patients operated after 2 weeks. Poor-to-fair clinical outcome was observed in 52% of patients who were operated after 2 weeks where as only 14% of patients operated within 2 weeks had poor to fair outcomes (P = 0.001).
The effect of length of follow-up on functional outcome was found to be non-significant in this study. Patients with <5 years follow-up had 65.33% (n = 49) good-to-excellent outcome, where as the other group with > 5 years follow-up had 69.76% (n = 30) good-to-excellent results. This slight improvement in outcome over time was also revealed by Giannoudis et al. In their meta-analysis, they found 75.1% good-to-excellent outcome within 3 years follow-up and 78.7% good-to-excellent outcome with more than 3 years follow-up [2] .
Complications
The primary late complication following a fracture of the acetabulum is post-traumatic osteoarthritis. We found 28.8% patients developing secondary osteoarthritis which is almost equivalent to that reported by Matta et al. [10] (23.9%) and Giannoudis et al. [2] (26.6%). However, the observations Briffa et al. [22] cannot be overlooked. They found post-traumatic arthritis in 38% patients with more than 10 years of follow-up. They concluded that an increasing number of patients may present with osteoarthritis on long-term follow-up even though fracture is perfectly reduced initially. We found avascular necrosis in 11.9% of patients, which is quite high compared to Matta et al. [10] (3%) and Giannoudis et al. [2] (5.6%). We attribute the high dislocation rate for the cause of increased AVN in our series. Infection rate in our study (5.9%) was similar to analysis of Matta et al. [10] (5.01%) but was comparatively higher than 4.4% reported by Giannoudis et al. [2] . Sciatic nerve injury was observed in 12% of patients with three iatrogenic injuries. Briefa et al. had also 12% sciatic nerve palsy in their series with three iatrogenic injuries. Despite thromboprophylaxis, three patients had DVT in our study. It has already been established that pelvis and acetabulum fractured patients have an increasing tendency to develop deep vein thrombosis and pulmonary embolism [24] .
There are certain limitations of this study. This is a retrospective study and there is no control group. Few patients could have been operated on with primary arthroplasty, but all these patients did not agree for such treatment immediately after the acetabular fracture. Though the concept is changing recently in Indian subcontinent and we are treating most these patients with primary arthroplasty, this concept was not acceptable to any of our patients operated during the study period.
We conclude that two types of factors significantly affect the outcome of surgically-treated acetabulum fracture: surgery-related factors (timing of surgery, accuracy of reduction) and injury-and patient-related factors (dislocation, fracture displacement, associated musculoskeletal injuries).
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